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Technical Reports

a)
1)

Horan, Stephen and RuHai Wang, "Enhancement of the NMSU Channel Error

Simulator to Provide User-SelectableLink Delays", NMSU-ECE-00-001, March
2000.

b) H0i'an, Stephen, "Using Cell Phones from Satellites", NMSU-ECE-00-002, April

2000.

c) Jiang, Hui and Stephen Horan "Wireless Telemetry and Command (T&C)

Program", NMSU-ECE-00-003, April 2000.

d) Fan, Jin and Stephen Horan, "Implementing Real-Time Radio Propagation

Measurements over the Intemet", NMSU-ECE-00-004

e) Anderson, Bobby and Stephen Horan "Three Corner Sat Communications

System", NMSU-ECE-00-005, May 2000.

f) Horan, Stephen and Ru-Hai Wang "EtTects of Protocol Options on Data

throughput Over a Simulated Space Ch_el", NMSU-ECE-00-007, June 2000.

g) Ghrayeb, Ali and William Ryan "Concatenated Coding and Equalization of Data
Transmission and Storage", NMSU-ECE-00-008, June 2000.

h) Anderson, Bobby and Stephen Horan "Three Corner Sat Communications

System", NMSU-ECE-00-009, June 2000.

i) castro, Julio "A Multidimensional Adaptive Linear Receiver for the Excision of

Spatially-Divers Multi-tone Interferences in a Multipath Mobile Environment",

Doctorial Dissertation, June 2000. .......

j) Horn, Stephen "3 COmer Satellite Communications Li_ Estimates", NMSU-

ECE-00-010, September 2000.

k) Horan, Stephen "Basic Electronic Design for Proposed NMSU Hitchhiker

Payload", NMSU-ECE-00-011, September 2000.

1) Ryan, William E. "Concatenated Codes for Class IV Partial Response", NMSU-

ECE-00-012, September 2000.

2) Presentations

a) D.A. Hazzard, E. Y. Poliakov "All-Optical Switch in Alkali Vapors,", SPIE

OptoSouthwest 2000 ,Conference, Albuquerque, NM, April 10-11, 2000.

b) D.A. Hazzard, J. Mac Cannell, E. Selves, G. Lee, D. Moore, J. Payne, C. Garrett,
N. D_istr0m '_ovel low-data rate full-duplex optical communications link

between earth and LEO,", SPIE OptoSouthwest 2000 ,Conference, Albuquerque,

NM, April 10-11, 2000

c) D.A. Hazzard, J. MacCannell, G. Lee, C. D. Garrett, J. A. Payne, N. Dahlstrom,
and M. Giles "A Passive Diode Laser Optical Communications Down-link

between the Space Shuttle and the Earth,", International Conference on the

Applications of Photonics Technology, Quebec City, Quebec, Canada, June 12-

16, 2000.

d) D.A. Hazzard, J. MacCannell, G. Lee, C. D. Garrett, J. A. Payne, N. Dahlstrom,

and M. Giles "Lightwire a Full-Duplex Optical Communications Link between

Earth and the Space Shuttle,", International Conference on the Applications of

Photonics Technology, Quebec City, Quebec, Canada, June 12-16, 2000.

e) D.A. Hazzard, J. MacCannell, GILee_C. D. Garrett, J. A. Payne, and N.
Dahlstrom "Lightweight Optical Wavelength Communications without A Laser in

!iii_



space",, 14th Annual AIAA/Utah State University Conference on Small

Satellites, Logan, Utah, August 21-24, 2000 .......

f) Bemer, Steph_ and_Phillip DeLeon" Paralle 1 Digital Architectures for High-

Speed Adaptive DSSS Receivers" Asilomar 2000.

g) DeLeon, Phillip and Yunsheng Ma "Normalized, HOS-Based, Blind Speech

Separation Algorithms" Asilomar 2000.

h) DeLeon, Phillip "Short-Time Kurtosis of Speech Signals with Application to

Channel Speech Separation" 2000 IEEE International Conference on Multimedia

and Expo.

i) D.A. Hazzard, J. MacCannell, G. Lee, C. D. Garrett, J. A. Payne, and N.

Dahlstrom,"An Earth to Shuttle Optical Communications Down-Link Using a

Semiconductor Laser," 3rd Annual Directed Energy Symposium, White Sands,

NM and Albuquerque, NM, Oct. 30-Nov. 3, 2000. _

j) S. Horan and Ruhai Wang, "Internet-type Protocol Testing in a Small Satellite

Environment," IEEE Aerospace Conference, Big Sky Montana, March 200 I.

k) S. Horan, "So You Wish to Place Your Satellite on the Internet," Air Force

Research Lai_o_atory, Kirtiand Air l_orce Base_ Febn]_-y_200]. _

1) s. Horan and Ruhai Wang, "Effects of Networking Configuration on Space

Channel Throughput," 14 th AIAA/USU Conference on Small Satellites, Logan,

Utah, August 2000.

m) S. Horan, "The Potential for Using LEO Telecommunications

Constellations to Support Nanosatellite " - ' "Formation Flying, Space Internet

Workshop, Goddard Space Flight Center, November 2000.

3) Degrees Awarded _

a) Jin Fan - MSEE

b) Hui Jiang - MSEE

c) Bobby Anderson - MSEE

d) Julio Castro - PhD

e) Yunsheng Ma- MSEE

f) Stephan Berner- PhD

4) Patent Applied For

a) T. Shay, D. Hazzard, S. Horan, and J. Payne, Light Wire Communications System
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Outline

• early turbo code designs (serial and parallel)

• more recent turbo code designs: double turbo DPSK

• initial work on low-density parity-check codes

• combined nonlinear equalization and decoding
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OUTLINE

= ..... _- . = =: -- = :

• Bandwidth-efficient signaling with MPSK

• The proposed codes- parallel and serial concatenations

• Performance results for the codes
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BANDWIDTH-EFFICIENT SIGNALING

• bandwidth-efficiency for coded QPSK (r = code rate)

gQPSK, coded-- 2r (bits/sec)/Hz
2 r_2ZZ_ 2

• bandwidth-efficiency for c0)e _ 8PSK (r = code rate):

$SPSK, cod;d" 3r (bits/sec)/Hz

Example _-

• rate 2/3 trellis coded 8PSK:

_8PSK, coded-- 2 (bits/sec)/Hz

• rate 15/16 turbo coded QPSK:

gO.PSK,coded= 1.875 (bits/sec)/Hz

,, but, the coded QPSK scheme is more power efficient and has

a more robust receiver

= 3



:THE-PROPOSED _cODES

The Parallel Concatenated Convolutional Codes
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Diagram of PCCC encoder.

• we consider rate 3/4, 7/8, and 15/16 PCCCs, with memory m =

3 component recursive systematic convolutionaI codes
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The Serial Concatenated Convolutional Codes

• AWGN

__o Xo i _k

_()UTER____INNER_
X2k

SCCC encoder with differential encoder as rate 1 inner code.

v

v

V

SCCC encoder with two rate 1/2 RSC encoders.
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(1) Top Diagram: a punctured outer rate ro = k/(k + 1) RSC

encoder and a ri = 1 (2-state) differential encoder

(2) Bottom Diagram: two m = 3 RSC encoders, with the inner

and outer RSCs punctured to achieve rates ri = 2k/(2k + 1) and

ro- (2k + 1)/(2k + 2), respectively

• We consider rate 3/4, 7/8, and 15/16 SCCCs.
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PERFORMANCE RESULTS

PCCC Performance

• decoder: iterative BCJR-APP algorithm with 15 iterations
2

• information word size: 10,000 bits

• code rates: 3/4, 7/8, and 15/16
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SCCC Performance

• decoder: iterative BCJR-SISO algorithm with 15 iterations

• information word size: 10,000 bits

• code rates: 3/4, 7/8, and 15/16
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Convolutional Double Accumulate
(or Double Turbo DPSK)

Codes

Rajeev Ramamurthy and William E. Ryan
ECE Department, University of Arizona

November 15, 2000
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low-density parity-check codes were invented by Gallager

circa 1960 at MIT for his doctoral dissertation

approximately five years ago, they were independently re-

invented by MacKay (Cambridge University) and others

the idea behind these codes (we assume binary codes):

1. recall all codewords in a linear code form the

nullspace of a so-called parity-check matrix H:

Hca'= 0 whenever c is a codeword

2. we say the binary matrix H is low-density if it is

sparse, that is, if it contains only a small fraction of

ones

3. the low-density property leads to very powerful

codes with decoders lower in complexity than turbo

decoders
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the initial designs on LDPC_codes (Gallager and MacKay)

involved random designs with certain row and column

constraints (e.g, # l's per column kc > 2 and the # l's per row

kr > kc )

the problem with randomly generated codes is that the

encoder is now complex: c = uG = u [ I I P] (imagine if G

was 9000 x 10000 so that P was 9000 x 1000)

more recently, Shu Lin and others have been looking at

algebraic and combinatoric designs

we have been examining both approaches for CCSDS near-

earth standards work
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difference sets for BPSK/QPSK signaling on an AWGN

channel, with and without RFI bursts.

V

v

V

v



_LdV

_w

V

v

V

V

m
m
v

V

v

V

V

V

_m

Y

V

v

V

V

V

V

v

V

q_

V

v

v

V

m_
w

v

_v

V

V

v

v

V

v

w



V

v

V

v

v

V

v

V

©

c_

m
v

v



c_

C_

c_

E_

T-n_

L_

©

v

©

©
_ lqW

_w

V

_w

V

W



V

V

V

v

v

V

V

E

\
\

\

\ i :

i

i

!

Iill I
o <5 c_

....... i.........

\
\

\

d o d o
SuelPeEI/du_v

o

o

o

_5

_D

0

e_

\x

o

\°

o



t:::

ro

UP

F_

8

v

i
-@i

i

m
V

v

V

t
V

v



v

E _

v

_J

v

t_

v

v

_7

_7

V

w

W

q_

m_

C_
C_

f_

I

I
_L

iwmJ

÷

T

I

I

H

0

ovml

• • • T

p_

T

T



q_

Q.

w

Q_
im
r*

P

U

r-
._

0
r

"10

8

T-

OD

qd

w



V
v

v

v

m

v

c_

C_

q_

_J

©

l
_J

E_

h__
v



E

I,,,,

13_
O'J
O9

; ........................... i .....

I \i

i

! F i
• , i

• i i
i........................ ! ............. I.....................................................

l ! i

t

i L_,
t i i

I I ,

!

i i ! \\ I

i K I !

d o d d o d o o o

•dwv ]nd]no

CO

d d_
E

"5

c5--

0

0,I

d

0
0

v

v

p
V

V

W

w

v

W

m
w

W

W

V

W

W

w

v

v

W

W

V

W

W

m
V

_JF

W

W

W

W

W

V

W

W

W

v

v

V

W

m
V



_j

v

=

V

v

%

0_

0

r_

L_

L_

L_



J

_W

v

W

llr

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

w

v

_w

_w

W

v

v

_J

v

W

W

v

v

v

W

V



%.J

_j

v

: = =

.l,( .l(

o_

o_
ol,l

m

E
©

• _.==_

0

©

0
©

0

0

o_

0 _,==._

° _=.._

©
0

Z



o_

©

©

©

©

©

E

°_

=±

°_

©

W



%J

%J

_J

_j

_J

_J

v

_j

v

_J

_J

L _
v

V

V



. =

W

©

©

t_

b J3 _0

©

©
.v-._

c_
._m4

.V.._

_D

© ©
t.,.) "_'-_

_D

.,p--q _

©

_D r_

i
v

W

V

W

W

W

V

v

W

tF

IF

_W

_F

W

_w

W

v

V

,rqj_

V

v

v

V

V

v

v

_w

_F

iw



_J

_J

_J

_j

_g

_J

_d

_J

E •

V

©

cO

©

r_

©

_D

P_

© ©

V



©

p,

cO

0

ca $

,..._j

,,,.I

_s

v

W

Ip'

W

V

IIF

IIF

V

IIF

IF

W

W

W

W

IF

q_F

IIW

W

W

w

V

V

V

W

V

V

V

E
w

v

v

w

v

v

V

V

IIF

i
v



KJ

V

v

IJ

V

V

v



Ira,

V

0
v.:.,

t

W

W

V

W

W

W

W

V

W

©

©
oM"_

©
m • •

mm
V

'V

W

V

V

W

W

W

V

v

V

V

W

V

V

qllm

W

W

V

V

V

V

V

V

V



,,,.i

_j

V

V

v

v

,_i,j

©

c_

_D

©

©

©

c_

.c_

I

A
II

©
cO

° i.-..I

c_

c_

< i

c_

p_

c_

C_

._--.(

©

©

©

°_,--4

¢'_ _ .,-.4

©



©
o_._

c_

©

0

©
O

©
I

0

qF-

I

T

W

V

W

V

w

W

W

V

W

V

V

v

V

i
V

m
W

W

V

w

V

V

w

v

V

V

W

W

m
V

W

w

W

W

W

B

V



V

v

V

_J

© rJ_ i i i

L Jv

V



-,...,.,i

V

W

V

W

©
° ,r-,-(

F.Y)

<I,)

©

©

©

©
©

©
m

©

©

m

©
° _.,m.(

©

°° _ ©

©

• ,p--,(

,i,u(

0

©

©

.,mm.,

F.tJ

<I.)

•,.--40

0

I

I

II

W

V

m
v

W

V

W

V

V

V

W

W

W

V

V

V

I

V

V

V

V

v

V

W

v

V

V

V

V



,,,,,,,#

YllrlJ _

v

V

v

©

©

©

©

0
0

©
I

©

©

• IJ,--I

• ,-..,I

ii I,I.,

7 (II :I I I

u.::_ :
I

'.,.......... 1

u_ U,.

ii

ii

i!

v



V

©

_D

©

©

©

©
©

©
I

©

©

t..) "_'_

©
_D

©
I

°_,_

.v-.q

©

Dq

I .v-_

r_

¢.)

c_
r_

©
c.)

©

b_
o_,_

c_

©

v

IP

W

l
v

v

V

W

IIF

qlF

V

V

V

V

V

V

V

V

IIF

v

V

W

V

v

v

V

W

w

v

v

V

V

V



V

v

V

V

V

V

V

V

V

V

v

=__
v

v

_T



©

©

,,j

v

w

V

w

lw

w

v

W

qlF

IP

V

qF

V

V

V

V

v

V

V

V

V

V

19W

W

V

V

V

V

V

V

tL_I

W





e J1

eJ_

C_O

II

Ct_

v

V

W

V

W

W

U

w

qJF

V

qlF

qlF

V

V

V

V

V

V

V

v

V

W

V

_w

V

_F

v

v

V

m
w

V

v

_m

V

v

v

IF

W



V

V

v

v

V

V

V

V

; Z7; -

=

o_

=

.

m

o_

c_
o0
ctB

I1

c'q

I1

O0



C
0

m

DO

Jl

00

II

_J

II

q

II

lj

q

qr

I!

li

Ii

ql

q

ql

I'

q

t

W

ii

i

I

!w

q!

v4wW

m

lql

II

W

q_w

q

q

ql

I



_.,.j

V

v

v

V

v

V

V

0

e_

• _ _

_'_

o_ _
=d

e_

=_ ._
_ _ =

4_

o_e_ _ _.,

e_

e_U

r_

,--, 0

"_ _ . _

0

,0 0

V



v

I

• • •

V

V

W

V

w

V

W

W

i
V

V

V

w

V

V

V

V

v

v

V

v

v

v

W

!
w

W

v

v

V

!
n
V

!
v

m
V

V

V

V



v

V

v

v

V

v

°_'--4

C_

_D

©
t_

<

©

©

._n-I

° _,.,=1

©
_D

©

©



_ 4
_f

v

u
V

w

W

W

W

W

W

W

V

V

W

V

V

V

v

V

m

w

V

v

W

m
W

w

9 _

v

W

V

v

v

v

V

V

v

V

_r



v

v

V

v

V

v

V

V

-_ !==

v

0_

0_

©

©

©

©

8"__o
.e..,_ >. © I=I
,-_ i=I © .,_
°_ _

_ 8 _ e



°_

©

°_

0

<
O_

©

°_

©

O0

0

0

olml

< ©
©

) - 2

E

v

v

z
v

w

v

V

v

v

V

V

W

W

W

v

m

v

v

w

v

v

w

V

W

w

V

v

v

v

V

v

V

v

V

v

V

v

V



_V

4.Q

V

V

v

V

V

v

v

v

V

V

v

4

_J

4.7

v

V

c_

o_

$ •

©

°_

p_

0

L)

•_ _ _ d _°._ _

• ,--I _

?,.)
o,-_ _

¢',1

°_,_

v



V

,...._ © ",_ ©

_:e e_._
_o __

_ ._

e_

3

V

w

V

W

V

W

W

w

W

W

W

W

W

W

W

W

W

v

W

w

V

v

w

V

V

V

v



_J

x_j

V

v

%.J

,j

,j

_L.j

_J

V

_J

_J

,<
0 j

c_

©

©

C_

©

©



• v,,-_

¢)
0

©

©

bli.L _¢)

¢)

©
_q

o_,--_

°v--I

n_

¢)

0 0

ovml

©

© ,,0

©

•_ 0 _ _
_ ._ _ ©

I°r_0

[°
¢)

_D

b_

0
0

-rb_

c_

Vq_

c_

E

v

,lllllr

v

Iw

_F

I1'

It'

W

v

V

W

W

W

qw

IF

W

IIF

W

W

w

_j

W

w

W

W

_w

W

V

q_

iw

v



V

K.J

V

v

=.
V

l_,.J

o_

0

_D

o_

• 0 0

r/l

o
a

a

a

_I



°"

• _,,,,u,,I

0

© ©

i ©

n ©

7
i-q

<
"7

I-q

-(-

AJdI

I

(

I

)
7

7"

I

7
I-q

g ,

.4-

I

I

,)

r._

z

v

v

V

V

V

I

i

v

v

v

V

V

V

V

V

V

v

v

W

u
V _

W

V

v

V



v

_j



;>
*v--(

<

*_--4

©

>-,,

-" o_._--(

©

©

_0

"7
tq

7

IA4I

¢,q

±J_I

>
"7

I

J
+

I

I

'7
t_

q

W

w

V

W

v

V

V

m

v

V

m
w

W

v

v

v

w

W

w

V

w

V

w

v

V

_W

w

v

v

W

v



v

J
V

%..)

%2

v

%J

V

v

,,..,,,

%J

V

c_

<

%

.//'

/:

II .-_.Q _ _

/i °>_>Z>Z
li =or.n-or.

_ I.-.B.O..I_.

o_eu JoJJ3;!8

1 i

+ /*: ÷

i / / .""

, /,,...-

/ I,:
i /"
i (

I I"

I f_ £_.'0 _" e"
' I! W _ _ _

. ]/ ,_ t_ t,,O @4

I/ _ _ >_>_
/: = n" er a:

i _
+ _" I .

i I

ele_l JOJJ3 1!8

•
LLI

"r [..T_
o

_U

,K

=

e_l::

o

w
o _



©

c_

_D

c_

0

©
° v,,,,_

Z x

r,.) "- _

r_

I I I

/%x

V

M

w

w

L_

W

V

W

w

V

W

V

m

V

v

V

g

V

W

V

V

V

W

W

v

V

V

V

v

W

V

V

V

V

V

v

W

W



V

V

v

V

v

v

V

v

V

v

v

v

V

v

v

v

V

v

V

V

©

@ @

Q

E

v

v

V



v

T_

w

qP

W

W

v

V

V

m
V

V

V

V

V

V

W

v

v

v

V

v

W

w

v

_w

W

v

V

V

W

W

v

W

V

W

v

V

W

m
v



V

_rj

V

_J

_ps

_J

_j

V

V

©

ov--q

© © I I I

_m,q

o_4,b



°_,,(

> >
°_,,_

<
©

©

.4,,,,o

©

©
>

o_,.I

©
c._

©

©
.I...o

° _,,,I

©

©

c_

r_

© ©

© ©

"_ 0

I I

c_

if,

•q i

1 I

....... ........... . .........

e,l

I-i bt

g.
g

v

w

V

V

V

V

v

V

v

V

V

V

V

v

V

W

V

W

v

V

v

v

V

V

v

v

v

v

V

v

w

V



v

L_

v

_j

v

v

V

V

V

_J



;>

©

© _:_

r,,

_J
_J

_J
r._
r._

m

L) I
I

a_.___j

'T

ii

<

y _9

4-W

V I

IA 1

I_ I

T

[,-

[-

"T
ILl

h
3"

11

m

-8__
i-, _I

•_ C::

!

>

"r,

e-

"T
ii

e,l _ ,_

v

v

w

V

W

V

V

V

V

V

V

V

V

V

V

W

W

V

V

w

W

v

V

V

v

V

V

V

V

W

V

V

V

W

V



V

u _
v

_j

_J

_J

v

V

V

v

V

v

V

V

©

o,<
c_ _

Vm_

c_ r_

©

0

"_ I I I

°_.,_

° i.i,_



©

o<

© ©

©

©

%

a

V

V

v

v

v

V

V

V

V

v

V

W

V

v

v

v

i

v

v

Y

v

i



v

V

v

v

v

v

V

v

v

v

v

©

z i _.

e_l JoJJ3 _,!8

C_

°_,_



o_,_

_0
_D

°

©
©

8PI3SIAI

w

= =

V

*,==I
c_ w

_D

c_ © v

© n_ v

V

v
V

v

V

© ,-

Q._ .s
©

_ a, v

°_,,(

v



v

v

V

V

v

v

I I I

r,_

..,,_

E

L



©

%

I,,,,.

°,.._

°_,._

..3

E

8.,,d_P'l

V

V

,qp

W

V

V



V

v

V

V

v

V

I....
D l

, _ ._°

8P13$I/_

cf_

.... Gp/EISIAI

m'-

r,_

E



q_

_F

o_



v

v

V

v

V

V

v

V

v

o_ q_cl_

l I

Lr_

q_



v

V

V

_w

V

W

W

V

V

qP

v

V

V

V

V

v

llr
_P

IF

v

v

IF

_w

V

V

_P

V

v

V

v

V

V

V

V

V

_w

V



V

V

V

V

v

_m4

©

©

°_I
_ 09

o_

c_

E



© © _ _ _-,_

E
• • _ • •

V

_r

V

q_

V

V

V

v

qRr

V

V

V

v

V

v

w

V

V

V

V

V

V

v

v

v

v

V

V

V

V

V

V

V

V

m

V



V

V

_s

,ww

_v

oo

r_

w



v

0

© ©

0 _

°_

a

u
v

V

v

v

V

v

V

V

v

v

V

v

V

v

V

v

V

w

V

Y

v

V

v

v

V

V

V

V



V

V

V

v

_Z

0
© ©

I i

+ +

°_

+

© ©
a

E



V

o_

©

© l

t _ ÷

I I/.. ./

l I' . "

if .f""

I ./'"

i fl ...

W I ."

< f

f

+_ _ W _

,I . m. xV ,
_1_ . "_ _ _ -,_

I: 8Z g-8_,/ e__=:_8o

_ I ! ! I

6 6

elel:l JoJJ31!8

h-

i ! / ("
- -- / /.;

/ /f

I /"

f ii'"
I" .:

/ S

if " /_,

I ¢"

I' ¢"

///_ rl/_

f

u_

w

"T

?

o

u_

e"

m

°,,,,,

P.

o_,_

_5

,,7

E

V

V

V

v

V

m
V

V

V

V

v

v

v

V

v

v

v

V

v

V

V

m
v

V

V

v

w

_w

V

m

v

m

i

V

v

V

B

v



V

V

v

v

V

V

= =
V

V

_=
V

c_

©

>

©

c_

• " c._

_._ o__

__ .iN s __

I I I

°_

°_

°_

E

"_ _



v

w

v

V

V

v

v

V

V

!

V

V

V

V

V

v

V

m
V

V

v

_qV



V

V

V

V

V

V

V

V

V

©

_._ _ _

_ ==__ __._

I,,,,,



V

V

8

.o

©

•

v

V

V

v

W

V

V

v

V

V

v

V

v

v

V

W

V

V

V

v

V

V

z z

V

v

v

v



V

v

r_]p

v

_P

c_

© ©

t_

p_

t_ O

< i i I C_ I

c_

c_
I,."



V

v

©

v

v

V

v

W

v

v

v

v

V

v

v

V

v

z
W

W

m
v

v

V

v

V

v

v

m
v

W

v

v

V

W

W

V



v

V

%J

V

v

v

v

V

v

OliI

Z

_D

¢)

M

O'

¢)

(1,)

¢)

°liI

o
""_ O0
b_) oO

_D

O _ 0

®m0 rO
© "_ _

_ e

• ,_ _

4-_

c._ _

_N

M ®
Z

Iill



©

_P

o O'

_q 0

C/D

,I,"'4

_P

Ill INI

©
ou--I

_p

©

ED

tip

CXl

V

v

v

!
v

V

V

W

V

V

V

W

W

W

V

W

v

V

W

W

w

V

W

W

m

V

V

V

v

V

V

V

V

V

V

W

V



_J

_j

_J

_j

_J

T_j

V

V

_j

V

T_j

V

_j

V

V

v

_J

_j

T_j

V

_j

._

©
*l.q

O
z

L

o

I_

!



I I IIII

ov'_l

¢P

¢_ ¢:z,
r./3

•" 0O

r_ 0 "-D-O '--_

_ r.,/'3 'o
°_

II _ -_ _ o

_ '-_ 0 "_
0

°_-,I

o • •

O0

II

+
¢0

II II

O9

II

_ m

V

W

i

V

w

i

w

V

v

V

w

v

v

W

V

v

v

W

w

v

V

v

V

V

V

V

V

V

V

V

V

v



E
V

V

v

v

V

I I I I I I I I

I I I I I

d d o o o
(pez!FeLw0U)eBellO^Indln0

14")

._N

O

-6



0

0

I I I I I I I

I
o

I I I

(eeJ6ep) eseqd lndlno

! !

r,D

.j

--,.../

V

W

W

i,

W

W

w

W

v

v

v

W

v

v

W

w

V

V

V

V

V

V

V

W

V

V

W

V

W

w



v

V

v

v

v

V

V

v

v

©

0

o

n-
q)

.

(,_ !

................E ...........,..........._..,

Om I,

................. .&..._ ...... .,.

w"

• . ,"............................ 0 flf"

o
h-
I

......... ,.......... .................... , ......... ,......... %, .....

o

"7
0 0 0 0 0

I I I I I

(gP) _il!suep leJtoeds J_Mod pez!leWJON

I

I

I

o I

I

b-



c_

b.O
c_

olmq

O
Iml

@,

c_

t

/

Z c_

0

4..a

oO

v

v

1iw

w

IW

IIF

IF

W

W

IIW

m
V

v

lip

W

W

V

V

v

lW

W

V

V

_7

v

V

V

v

V

V

m

1iF

IF



V

V

V

V

V

V

V

v

v

v

v

v

V

V

V

V

V

v

v

V

v

V

V

©
°_

@

o_

r_

@

o_

c_
.,_-N

©

VI _ VI

_ Vl VI VI Vl
0,1 _ 0,1

I _ VI _ Vl
' I o 1 o
II

,..--.t, "-"

Cxl _

vI ,_ _

VI I 1

I

II I1 II II

VI

VI

I

C,I

©

I I I

II II II

V

V



I
il

VI

VI

I

II

VI VI

. r=,,,,.I

I
'r"-'-t

--1--

• v,,.,-,I

11

0v--I

I
il

VI VI

I o

. v,,,.,=.l

I

I

°,--4 .v.-I

I

li il

Iili

i

VI

VI

I

,, w,.,.=4

il

I II II

v

W

i

t

t

V

i

W

V

i

V

i

V

V

V

W

i

V

V

V

W

t

v

v

V

v

V

V

V

i

V



V

V

V

V

V

V

v

V

V

_J

v

V

V

V

OI

OI

OI

............ tl ............ ; ............ _ ............ ! ............ |l ............

- ..... ...........i...i................................................................. lC_

LO 0 LO

eJ n]._J p_n 0

Q..

V



(SP)/q!suep le4oeds JeMod pez!leLUJON

I

I

I

C_

V

W

V

w

V

W

V

v

v

W

W

v

W

V

W

V

V

v

V

v

V

V

V

v

V

V

v

m
v

V

V

V

v

V

V

V

V



v

V

4.j

V

v

4Q

V

V

4J

v

V

v

V

V

V

v

4m_

V

\

\

\

\

:I

on"

I

cO



v

_J

"_ Ii

.,_ _

r'u4

©

°r_ b-O
,,r._

r_ ,-Q
© ._

c_
!

÷

I

_L

c_

L_

I

÷

L_

÷

C_

c_
+

c_

_L

L_

L_

÷

Jr

L_

c_

L_
o

÷

÷

c_

÷

÷

L_

!

@

@

@

d

rmm4

_o

@

@

d
q_

@

_o

©

L_

@

v

W

W

W

v

W

V

V

W

V

_F

V

V

W

V

W

W

_ V

IP

V

V

_F

q_

IP

V

V

V

V

V

V

W

v

V

v

q_

V

q_
m

V



v

v

v

V

v

v

v

v

v

v

V

v

v

V

v

V

OQ

O"
o_

0
°r--I

0

0
4_

0

0
&)

OQ

0
°r--i

¢4=
.w_.l

0_

0

0

¢4::1
-v--I

_3

0

_D

°r-,I

rao
_D

f_

0

f-4

C¢3

C¢3

O"

0
°_
4_

0

0

0
¢,.P

o

4_
,._ o

_ _"_
r/l

c_

0

r_

u_

v



J

Z

Z
-4_
O
O

O

,iml

O
©

O

o_

b.0
°v_l

cao

.4_

I

o;,--I

CD

o_

o_

g,4

°r--I

©
D

fill[

-4_

q=l _ ,

I •

-4_

c_ (.9
°r--I

©

e
m _

Ill

_ +

_ II II

•- N?
_ • r,,,,( °_"q

• 4._ _ _

0 m m

e _

d _ e e
_ _ m m

(_ °,--1

e ,-_ 0

_ • •
,vml

V

V

v

m
m
V

z

V

v

W

V

V

v

v

i

v

V

V

V

V

v

v

V

W

V

V

V

V

v

V

W

V

V

V

V



v_j

V

V

v

v

V

V

V

V

V

v

v

0

c_
f_

r_

L

_I_

owm_ 0

©

O

©

L°r_ I d

0

÷

O

° l° l

c_

|_

0

I

I

Tm_

V



m

ZW

c-'_-

)

/

J

_=_, ........ : ............ : ............ *= ............ == ............ :...f ........

• i f

......... "; ............ ; ............ : ........ _.._ ........... : ...........

. . _ _ : ;

i ..-_ ' : :

............ ? ............ *:............ ! ............ :. ..... _ .... ! ...........

i : : i "_
........... i ............ i ............ i ............ i ............ i_ ........

i

_ u2. e,l u2. ,-- m

uo!lounj 41!suep/,),!l!qeqo.Jcl

v-"

0,1

"0

--E

D.
E

o0co
c_

c_

"K.
0

0

0
0

V

V

V

v

V

V

ql_

V

W

V

W

ql_
oo

V

V

W

V

v

V

v

_i _

V

v

v

V

V

v

V

V

V

V



v

V

V

V

V

V

v

_+++.

V

v

V

J

0
.iml

0
.I==.4

.I,_I

+,I,_l
A

+,w,.,.l

e,L,_I

0

III

............... :........ :............... ; ....... :..... _++._ ..... ._.._.=._._
m

....... . ........ • ........ . ....... ++++5+.,;_ ...... •........ , ........ . ........ • ......

............... . ........ . ....... ++ ....... ; ....... . ..............................

................ , ..... . ......... + ....... _ ................................

Z
+ Z

................................ =..................... i .... :...............

I I

o')

(_,uaoJad) uo!|oun-I uot+,nq!Jls!(3/'4!l!qeqoJd

Z
_tr" . + _

Z W
rt-O

,,,+5
Oo

-_ _.-

I

e.-

_E

_L
E

,5

V



c_

©

_p
;>
_p

o oo ;_

-._ 14_ oO

m 0 0

© • •
©

ce_

1---4

b.O
©

©

o_,,l

©

¢d

V

V

V

V

v

V

V

W

V

V

W

V

v

0

V

W

V

v

v

v

V

V

__m

v

u
V

v

v

V

v

V



V

V

v

V

v

V

V

v

v

V

V

V

........ . .......... - ................... --,. .......................

I

1

I

i
I I

0

'T

I

I

v

V



Zl

II I

I

!

_J

V

v

V

g
V

W

V

v

v

w

V

v

V

V

W

V

w

V
CXl

W
m

9

V

V

!

V

V

W

v

V

W

v

V

v

v

v

v

v

V

w



%.J

v

%.4

%=/

%.¢

V

%,i

v

V

v

v

V

V

v

\
\

I

I t I 1 I I I

\
\

\

I I I I I

d c_ o o o
(pez!leUJlOU) eB_'IIOA lnd),no

d

0

0

0

0
0

N

0

3



0

I Ill Illi II

/

/

/

t

/

/

/

/

/
I

I

I
I

1

I
I

I

I
I

I

I

I
I

I

(eeJ6ep) eseqd indlno

I I

I ,/
/

/

/
/

/

0

V

V

v

V

v

v

V

V

V

V

V

v

qF

W

V

v

V

w

v

L _

v

v



v

v

V

V

V

V

V

V

V

V

r_

v

v

I I

I

I

I

I

1..0
C"Xl



w

0

oli,I

ewII

or)
,_.A#,I

m

IiII

I

0
e_II

>.

0

tO)

-- i
L.-r-- I

I ¢_1_ i
I I • • ........ A .: ......... : ......... , ......... .......... .4 ......... . ......

__ . _ .... / • " I! _i ! ! ! ..*" i i
/

.......... i"........ (._i1_'" ......... ".; ......... ,._" " _ .......... i".......... IIJ'" " '_1" ..... ." " " • " •

CN

m ..... !.......... i.......... . ......... i ......... !.......... ........... .......... o g:

!

I

I

?...

.......... .......... -_.,._ ...... ,. ..................... :

r,D
0,1

V

V

v

V

v

V

w

_j_

V

V

V

v

W

W

v

v

V

V

v

v



v

v

V

v

_3

v

V

V

c_

C_ _

°_I

_ cJo

.iml

•_ _

c_ bJO

p. _ o o

° _,,,,,4

C.)

r_

©

°_,-!

©
©
N?

c_

c_

b-



J

'_,AlWl

i

0

bJO

e_

m

0

_w

E_

o_._<

+

, i i i i z

oo

|1 , i , i

+

+

I, i , , i i i

"T

_39

+

+

+

+

+

+

+

+

+

+

+

+

+

+

/ /
I

711111IIII

i I , i , , , , , ,

i'II I

i /

I I

I I

il
I

/ I

/' f

I /

; /

) /
/" /

/
I
-f

/ I

! I

iJ
j I

/ /

././I
//

,I /

/
I , , , , , , . •

o
T'--

III II II

I,.0
¢"0

g

0,1

,,,._.

E

0

o
?

0

00
0,1

v

V

v

v

liill

Y

V

V

V

11'

V

V

V

v

V

V

L

v

i

v



V

v

V

V

V

oo
If'-"

o _

li+OI,.

{,, , , , , {,,, , , , |,,i , , ,

O+

OF

0 0
/

/
/

/ /
G- .d::_

/ f

• jJ
f

/ /
./

' '_ ,Id ...... _'.... _7'.......
o o o

1:t39

,

"t

o

n-
z
co

_o

c_

o

o

O_



1 III

0

Ill

)l,li_ J L l

o

/" I

/" /

/" /

161_+_

,i

_ 0 0_._,--.--.= E

"_ _u_ _ _u.
_-. r-'_: L _:m ,-- _
C_ _'_-'_ U) _

LL _ t_LL _ t_

I ' i +×oj

o o o o o

o

rn

rr
Z
CO

- u3

o

o

o3

V

v

W

V

V

m

m
I

m

=

=

NW

V



V

w

v

V

W

W

V

V

J

i

0

0

,tml

0

4..;
*P==l

4_

I' b , , , I ' * ' ' '

i'
+ "I

!,
!i
il

-I- I1

+ i I

-t- I

o o

W38

LL

' i+

_o

v

_o_.

05

n-

0

cO



II I II III

O

03
_v
rr
Z

V

V

T

V

y

B
V

W

m
Y

V

W

V

V

V

V

i
C'q

V

V

V

V

"41

V

V

V

v

V

Y

Y

Q

V



v

V

%,,

_gf

v

v

V

V

IP

V

V

V

V

w

6>
.>

h.

.__ _

0

,, x , ,

f
/

i
i

t

v--

i°, , , , °

Ill,, , I

"7
0
,r-

3S_

/

/

i L

I'' ' ' ' '

!

!

C

¢

t

!
t

t

I

}
?

I

!

f

(

i

/

I

/

/

/

/

/
J

0
T--

§

8

0

0

E

0
0

0

O

O



IIIIIII

i I

I II .

I IIII /

- iii / / / / "

- I I / + -

I11

. _ _. ,f" " 7 " "_ " I " "" ' _" _ "_ ' "_ " t " "" " I " -,.,..,//_. f../"

1998

0

O0

(O ...,

0

0

co

%J

v

V
m
v

m

V

V

!
Y

V

m

V

V

v

V
i
V

V

W

9

V

V

V'

V

V

Y

v

m

V

V

V

v

V

9



v

V

V

V

v

V

J

A

v

M

w

I-,,-I

m

o,i

=
(D
r_

• z,--,I

m

¢)

=

m

I

.v

m

M

m

oo

0 _ _ ._...

__. 0 ._. •

_ 0

r._
0_ Z 0..Z

w_w_

_ i+II.

i , i _ ,

I

+1

I

I

+ ,l
/
/

/
/

/
J

0

/

I

I

I

I
I

/
I

I

I

I

I

W38

I ' ' ' ' '

/

/

/

/

/

/

/

I

/

/

/

/

/.

/
/

/

/

/

/

/

0

/

0'_

CO

u'D



• r,,,4

o_,1

;>
©

O"

_o

,.o
0_

©

_P _P

0o

_P

o

,_el

-4_

b.0
,,r,_

bO

O"

¢4=I

_o

©

4_

(D

©

_o

'-c3

bO

©

(D -4_

(D

_o

-4_

op_l

© ©

_-_ I>o o _
g-4

©

©

V

V

V

v

V

I

v

m
V

V

V

w

v

V

V

V

V

v

V

V

V

z

v

m

v

V

v

v

V

V

v

v



v

lll_J

V

v_

V

V

W

V

y

V

I I ............. I]T=f:_ _- - _,i ii

0
.r--I

o_

4_

_0

0

°l, ml

pq o

o _ o __

b _ b "_ b
o_ _ I:_ _0

• • •

0

.v--4

*r--.I

©

,, v"'q

©
.v,--q

° r--.I



v

W



V

_J

v

v

v

V

r_7

v

__o

V

m
V

=_
v

ov,,_

©
°_m4

r.j'3
r,f3

©

©

4_
o_l,(
Tm_

©

©
Z

• v,l,q

©

Z



©

©

0
0

• _,,,(

©

v---q

©

©

©
° _-,,4

©

° _-,,4

V

V

v

V

i
Y

v

i
V

I
V

V

V

v

V

V

v

g

V

W

V

V

V

V

v

v

v

v

m

v

V

v

"qlP"

v



v

v

©

ov--M

_b



v

V

!

o o d o
30N.Ll'ldlAIV.Lnd.mO03ZI"IVIAIEION

O
O

UJ
D

F. ¸
..I
13..

I-

f3,.
Z

D

,_1

n-
O
Z.

v

w

v

V

V

I
v

V

v

R

W

m
v

V

V

V

V

V

V
mmi

V

V

v

_jW

v

v

V

v

V

V

v

V

V

V

V

N
V



V

V

-qL_..

V

©

0

©

rn

I1
--I

0
I

Q

0 0 I
I

d

0

o.

0

0

0

0

0

0 0

0 0 0

0 0 0

0 0 0

0 I._

0
i

0

0

0

0
I

T- I
I

V



©

©

©

©

©

©

©
°_

©

>
o_

<

_°

o1--,4

©

©
>

<

J

V

V

V

I

V

i

V

V

V

V
L
m

I

V

V

v

V

V

V

V

V

V

V

V

V

V

V

V

I

V

V

V

V

I
V

__I
v

V

V

v

v

V

V

V



v

V

V

v

V

V

v

V

©

,I,,,,4

©
E

°_1

°_,,i

0 4.a

4-,

°1-ul

•,._ _

Z> oa__

V



©

c_

o_=_

\

A

pu_ _

A

©

Z

°Tin4

©

_=_

©

,©

©

V

V

v

W

v

V

v

_w

W

V

,IF

v

W

V

v

V

W

B
v

iiw

_v

V

m

V

_w

V

m
v

w

_W

V

H

m

V

W

U



_J

v

V

V

r _

v

V

v

FF_

D
V

V

©

c_

<

A

t_
°_mq

c_

A

°_,,_
©

• Z

\

c_
.c= o

©

c_



©

©

© ©
2:O

T

° T,-,4

• • •

©

• _,....(

v

V

V

W

V

W

V

i
V

V

V

qP

V

m
w

V

V

v

V

qlP

V

W

qP

W

_P

V

V

V

m

v

q_P

m
,qua__

V

u
V

J

B
V

V

v

V

qlP



v

u
V

V

Z
_,_ 0

l--
rr

_ 0
0')

a
rr
I11
I-
LL
<

m
<
I
Q.
_J
<
W
>

z
rr
iii

4

0

0

0

i

0

0

I

o

0

0

0 0

0 0

0

I

o LO
0

I

o

o

i

I

0 0

o o

0 0

0 0

I I

u') 0 u')
o 0

I

0

0

I

I

if)

c5

o

LO

0
I

I

b")

I

Lf)

i_r)
0

0

U')

0
I

I

U')

I

V



©
o_,,_

<

@

©

c_

©

©

r._

©
o_,-_

r_

• I-,-_

©
Z

I

m_Q

ovm_

c_
>

©
r_

c_

o_-,_

I

C_

c_

.0
r_

c_

c_

I

©

c_

:

©

©

o_ml

©

©

c_

©

©

©

©
_D
>.

v

V

'qlW

qw

v

v

w

V

'qW

V

v

,ijiw

v

IIW

w

_F
m

'qlV

v

w

V

w

,iv

v

W

v

V

v

m
v



k5

V

K s

=

V

V

V

u
V

v

v

v

0

0

0

0

0

0

°I.._

°I.._

0

==
0

0
0

-,--I

4--1

0
0



_Jr

W

V

W

W

W

W

W

W

W

W

W

W

W

w

W

V

v

W

w

w

v

V

V

_W

v

V

V

w

w

V

W

V

V



k.J

k.J

= ,

V

v

v

V

o_

N
N

V

V



Og

0
Og
Z
0
n_
og

z
W

Z

©

©

0

o0

°_.._

w

V

v

w

v

W

V

W

W

W

i

W

W

i

v

v

V

w

v

w

v

v

v

v

V

v

w

v

v

v

v

i

v

v

kn_

w

V



v

V

>

V



!

!

m 00

o

_-' c
..c o
C_'_ • ,,,.-

OE

v

V

v

W

v

W

V

W

W

W

W

V

V

w

v

w

W

W

w

w

W

V

W

w

v

v

v



_J

V

V

m

V

-,,,11-,-J

v

v

V

V

_E

oo<_



V

v

V

V

W

z ¸ _:_: _ _: V

©

8

0

_ A

Q

m

O

c_

am_

V

0

@ml

!

W

c_

0 _

Z _

j_w _

0 "r_
m

W

m

V
i

V

v

v

m

_w

m

V

v

v

V

W



v

v

V

V

V

'v

v

v

V

v

v

v

v

4_

v



_oooQooooo

V

w

W

W
i

v

W

W

W

v

i

W

v

V

w

V

V

v

I

I
V

V

V

W

V

V

w

I
V



V

v

v

v

=

v

V

v

v

.<
m ,J°°, o, ooo,o--o'19°'''°_'_'°°'°1°'° ...... m ...... o°....... °°°,,°°,,,.°,°,,,,,,o ....

tl

T " I

v



_J

V

W

W

W

v

W

qp

W

V

W

W

W

V

V

W

V

V

W

v

w

V

V

v

V

v

V

V

V

V

W

W



_J

v

=

v

v

r _
V

v

v

_j

v

V

I



V

I
f

V

W

W

V

V

W

W

V

W

V

V

v

v

v

V

v

v

V

V

v



_J

V

V

_4

v

V

V

V

V

V

V

C)

_D

Z

O

©

©

I

I

_1 •

ap

_. e,I
q_

_) •

c_ t_

c_

ip

II

v



J

©

_ "d_MOd

I

!

V

V

W

v

v

V

V

w

V

W

V

W

V

V

W

V

W

W

V

V

V

V

V

V

W

V

V

z
V

V

V

V

V

V

m

W



v

V

V

V

v

V

v

v

V

V

v

V

V

V

v



01m(

0

0

°_
tpiq

0

0_ _

IpII

i)m(

0

lllul
0

0

0

0

ipII

t

V

V

V

i

V

V

W

V

v

i

V

v

W

i

V

V

i

i

v

v

V

v

V

V

i

=
i

=



V

v

v

V

v

v

v

V

v

_r

V

V



m _ m

_V
m

r_

Jm

m mmmmlma

;>
°_ 0

©

Z

v

V

V

w

V

v

V

v

W

v

V

W

v

v

V

W

w

V

V

v

V

V

V

: =

_=

m

w



T_j

_J

-7 -

v

V

V

V

v

V

_J

V

V

V

v

v

I_ oil

olU

0

!

jnl

¢II

IJl
_J

¢..

l,-

m

t_

m

t_
0

lu

l,-

c-

im

._.1

"i

0

©

0

Cl.

mn

in

(D

.ml

0

¢..
0

in
,,i.,J

0
im

¢-

E
E
0

0



I=
0

I.

=
II

ooooo.0oo._,o,oooo,.oo0ooo,l|0,,.o,o0,,o k_

,,°h**,

II

...............,..-...!.......to"................................r
o

0

°_,ml

0

v

V

V

V

V

i

v

v

v

_p

v

v

W
m

v

V

V

v

=

y

v



V

v

_J

v

V

V

V

V

V

V

V

V

v

v

V

V

v

_fUw

V

olU

pmq

oplU

Ira(

3

C_
1.,mq



o

0

II

E_

In

i fJ _ .-_

Ii

V

V

=
IiI
V

V

V

V

V

V

V

w

V
=

V

V

V

V

v

v

V
z
I

V

_w

v

I



V

V

v

V

V

i

0
• i

m

H

[-

0

r_

V

V

V

0
• m

i

0

lm

w

0

:D
0..

m

cD
"0
0
0

0

G5 -,-, (D

_- 0 Z_
a. O0 o_



&r) T/'_

le ,.

N

0
.,.J_

V

V

u

V

V

W

V

v

v

V

,_j+,

V

V

W



V

V

V

v

v

V

v

v

v

V

V

V



V

v

_p

V

W

v

q_

V

V

V

Ip

w

V

V

V

qP

V

V

_F

V

V

W

V

q_

v

_7

V

_w

v

V

V

V

v

V

v



V

V

v

v

_J

V

V

V

V

V

V

V

Z

_ •

oJq _
_j_ oj_

_ mm

ell

em_
_$3

_/i 0 0

elm(

0

jm=-(
I,m(

e)m=( elm,(

V

W



(D

(D
II

Im

0

O9

©
._-_

©

°_-_

or]

[;9

.m

_9

_9

_9

©
Z

-m

©

©
_9

°_-_

<

©
._-_

[;9

©
C)

©

©

>

©

>

V

m

V

W

V

V

W

V

v

V
m

V

V

V

V

V

V

V

V

W

V

V

V

V

B
V

V

W

V

V

W

W



v

v

= =

v

V

V

.cV

V

7z

V



V



V

_J

V

_J

V

V

_e_ i 1

t t I

................. , ............. A .............................

J
.... L.....................................................

V

V

V

_7

q_v

°m I I 1



V

=

r_

r_

° _,-,I

oII _ _
0

V

V

V

=
w

W

W

_p

w

v

W

v

v

W
=

qP

W

v

V

w

V

v

V

W

V

V

qp

W

V

v

v

W

V

v

m

V



V

V

v

v

V

v

v

v

• • • • •

v



v

Fr_B

v

V

V

m
V

_w

W

w

W

W

W

lw

_7

V

v

W

V

W

W

Y

tF

V

V

V

v

_W

V

_w

V

v

v

w

lmm
V

_p

IF

mv



v

v

V

v

F

0

v



V

V

v

v

V

V

W

W

q_

qw

W

m
v

W

V

v

V

w

IF

W

v

V

V

V

v

v

V

a

_f

v

V

v

W

V

W

V

V

V


